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Summary 

A preliminary investigation has been conducted into the prediction of field 
strength, of both wanted and interfering signals, at u.h.f This report summarises the 
conclusions and proposes further work. 

Terrain data for an area 25 miles (40 km) in diameter centred on Guildford were 
stored in the computer and used for the prediction of field strengths by various methods. 
The results were compared with detailed measurements of five transmissions in the 
Guildford area. 

The results demonstrated that existing methods of interference prediction 
require improvement, and that the prediction of wanted and interfering signals ought to 
be combined. A method of doing this, based on a stored bank of terrain data for the 
whole of the U.K., is now being developed. 



1. Introduction 

Because of the limited extent of the spectrum allocated 
to broadcasting, transmitting stations must often be co- 
channelled, and it is important to ensure that mutual inter- 
ference is kept to a minimum. Where there are considerable 
distances between the co-channelled stations (an open net- 
work), interference is likely to appear only occasionally, and 
is largely dependent upon tropospheric conditions over the 
propagation path. In a closely-spaced network, however, 
such as that now being planned for the u.h.f. service, the 
separation distances may be extremely small, and inter- 
ference could be continuous because the signals will not be 
materially affected by tropospheric fading. Therefore, in 
an open network the risk of interference is statistically 
small, and the field strength required at the great majority 
of receiving sites in order to obtain an acceptable service is 
governed by receiver noise levels and other constants. In a 
dense network, the majority of the viewers could be affected 
by interference, the level of which will vary from location 
to location. In these circumstances it becomes increasingly 
important to relate the levels of the wanted signal and the 
interference at as many receiving locations as possible. 

In developing the plans for the u.h.f. service in the 
United Kingdom the need for greater precision in calculat- 
ing co-channel interference (c.c.i.) has been recognised. 
Methods have been devised which give much greater 
accuracy than was attainable with earlier techniques. 
Nevertheless, it was suspected that full exploitation of the 
u.h.f. broadcasting spectrum would be achieved only by 
including much more detail in the field strength calculation 
than hitherto. To confirm this the 'Guildford experiment' 
was initiated in January, 1969. Three principal objectives 
were specified namely, 

(i) to determine the accuracy of prediction methods 
currently used by Research Department, 



(iij to see if additional data could be provided which 
would improve prediction accuracy, and 

(iii) to extend our knowledge of the distribution of and 
correlation between measurements of transmissions 
from different sources. 

It was also considered that a very important by- 
product of the experiment would be an assessment of the 
acceptability or otherwise of prediction methods for 
present and future broadcast planning work. 

The city of Guildford and its environs were chosen 
for the experiment firstly because it was practicable to 
measure several u.h.f. signals in the area, secondly because 
it included different types of terrain typical of the topo- 
graphy of the United Kingdom, and thirdly because a great 
deal of earlier experimental work connected with u.h.f. 
field strength measurement had been carried out there. It 
rs also within reasonable distance of Kingswood Warren. 

The first part of the experiment consisted of the 
field strength measurement of five u.h.f. transmissions 
which could be received in the area. Additional measure- 
ments from another investigation have also been used to 
provide data regarding the correlation in time of signals 
from different sources, because the Guildford surveys could 
not give adequate information in this respect. 

The basis of the prediction work was a detailed map 
of the terrain within a circle 25 miles (40 km) in diameter, 
centred on Guildford. This information was stored in a 
computer, so that ground profile information for any 
propagation path within the area could be extracted at will. 
The store was later extended to include path data to the 
transmitting sites outside the circle. 

Various prediction methods have so far been examined, 
and the results compared with the measurements. Dis- 
crepancies in present techniques have been identified, and 
improvements are now being devised. 
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2. The field strength surveys 

2.1. Measurements 

Five u.h.f. transmissions were measured in the Guild- 
ford area; details of these are shown in Appendix I.* 
Measurements were made at 200 receiving locations, and 
wherever possible the field strengths of the five signals 
were measured at each one. In a few cases the signal from 
a distant station was too weak or variable to allow 
reliable measurement, but this factor did not significantly 
reduce the quantity of valid data. A static recording was 
made of both of the Crystal Palace transmissions, and this 
revealed little fading throughout, but repeated survey 
measurements of the more distant Oxford station did 
reveal some fluctuation. 

The receiving locations were distributed over the 
built-up area at a density of about 35 to the square mile 
(14 per sq. km), as shown in Figure 1. An important 
objective of the measurement programme was to provide 
evidence for comparison with predictions, and samples 
spread uniformly over the district were suitable for this 
purpose. The question of receiving site selection is 

important when consideration is given to translating the 
measurements into the output which displays field strength 
distribution over an area, e.g., a field strength contour map, 

* Measurements were made by R.I. Black, I.G.R. Morgan and 
J.B. Bush. 



and this aspect is dealt with later in this report. At each of 
the receiving locations selected in Guildford the field 
strength recorded was either the mean value observed over 
a short run, or the average of five spot measurements, thus 
the effects of local standing wave patterns were minimised. 

In addition to the surveys made for the experiment, 
a further 200 results from an earlier survey were also used. 
These were measurements made in 1 957 of the experimental 
u.h.f. service from Crystal Palace, and Figure 2 shows the 
locations of these receiving sites. 

Results obtained from a separate measurement pro- 
gramme which is being used to investigate mixed land/sea 
path propagation across the English Channel were employed 
to study the correlation in time between signals from 
various sources. This experiment is still in progress, and 
further work is to be carried out on this part of the study. 

2.2. Analysis of measurements 

The first stage in the analysis of the measurements 
was the examination of the distribution of field strength 
with respect to receiving location, and Figure 3 shows the 
histograms which resulted. It will be realised that these do 
not illustrate the full range of field strength over the city, 
because each measurement is the mean of a local distri- 
bution, as described in the previous section. These recorded 
values are those which the measuring engineer considers are 
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representative of the particular area. It is clearly imprac- 
ticable to make measurements at every potential receiving 
location, but it is desirable to know how the signal will vary 
with movement away from the site selected. Furthermore, 
because these values were to be used to judge the success 
of prediction, it was important to evaluate the error of 
measurement itself. Thus the next stage in the analysis 
consisted of defining the accuracy of the measurement and 
the influence of movement. 

Considering firstly the accuracy of measurement, it is 
important to note that what we are dealing with here is the 
ability to measure field strength, and not the process of 
producing a field strength map or some other form of out- 
put from the measurement procedure. The latter stage can 
involve all sorts of subjective assessments, and will be dealt 
with later in the report. It is convenient to refer to the 
factor now considered as 'basic error', i.e., variations in 
measurements repeated at a particular receiving site, with 
the receiving aerial at the identical position in space. This 
will reveal any slight differences of calibration, and any 
subsequent error introduced during the process of measure- 
ment. To establish this from the Guildford results about 
100 of the survey measurements made of the Guildford 
relay station were repeated. The local station was selected 
for this purpose in order to minimise any difference which 
might otherwise have been introduced by fading. Figure 4 
is a histogram of the differences, the distribution having 
limits of —5-0 dB to -fQ-G dB, with a standard deviation of 
about two decibels. About 93% of the results were within 
±3 dB. Of course, the values measured on the road will 
differ from the values actually used by the viewers, but this 
feature is not dealt with in this report. Road measurements 
are taken to be representative of the situation, and for the 
purpose of comparison they have been used as the ultimate 
reference. 
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It is necessary, therefore, to observe in any comparison 
between measurement and prediction the basic error shown 
above to have a standard deviation of about two decibels. 
If we assume a Gaussian distribution, in which 99% of the 
samples will lie within ±2-5a of the median, it is reasonable 
to expect that about 99% of the measurements, if repeated, 
would lie within ±5 dB of the previous observations. This 
particular conclusion makes an interesting comparison with 
the results of two other field strength investigations. 

Work by the Post Office during the 1957/58 u.h.f. 
field trials showed that field strength measurements made 
within a small range of aerial movement produced field 
strength variations of about ±5 dB. The movement was 
limited to about three feet (one metre) in any direction 
with the receiving aerial raised to a height of about 30 feet 
(9-1 m). During the same tests, work within BBC Research 
Department yielded the curve shown in Figure 5, in which 
the extent of field strength variation over small towns is 
plotted as a function of the depth of terrain undulations 
within the same area. The intercept of this curve with the 
y-axis occurs at about 9-5 dB, which again suggests that 
measurements made over a small area on flat ground pro- 
duce variations which generally lie within an overall range 
of 10 dB. 
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Fig. 5 - Limits of u.h.f. fie/d strength distributions in towns 

as a function of depth of terrain irregularities. Derived 

from results of 1957/1 958 u.h.f field trials. 

Of course, the results discussed in the previous para- 
graph are purely empirical. Elementary theory dictates that 
the geometry of the propagation path can produce variations 
of much greater extent. However, the great majority of the 
measurements support the premise that these are useful 
overall limits, and on this evidence it is concluded that an 
accuracy of ±5 dB for 99% of the samples is the most that 
can be expected of the best method currently used, i.e., 
measurement. This margin must therefore represent the 
ultimate accuracy of prediction. 



The basic error dealt with above has covered variation 
of field strength within a very small area, and it is important 
to see how this margin will change with movement beyond 
this distance. To obtain an estimate of this, measurements 
were again repeated at about 100 points, but this time at 
locations slightly different from those used for the previous 
survey. The new sites were generally about 20 yards 
(18 m) from the original points, and the differences 
observed in this test are shown in Figure 6. It is interesting 
to note that the variation still approximates to a normal 
distribution, the observed limits being —11-4 dB to +14-4 
dB with a standard deviation of about 4-5 dB. Thus, 
applying the same approximation as before, it is reasonable 
to expect that about 99% of the measurements, if repeated 
within 20 yards of the sites of the first survey, would lie 
within ±1 1 dB of the first results. It will be seen from this 
that the effect of only a small movement has been quite 
considerable, and this sensitivity must be remembered when 
comparing measurement and prediction. 

The Guildford measurements were also analysed to 
investigate the correlation (p[_) in location between the 
various transmissions. So far this has been done in two 
ways. Firstly the results obtained from the 200 points 
were joined together to simulate a continuous measurement 
run around the city, following the hypothetical route 
shown in Figure 7. The gradient of the field strength curve 
has been correlated with various parameters, such as the 
terrain clearance angle.* Secondly, Pl was checked by use 
of the standard formula 



The derivation and use of this angle is described in Reference 1. 
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where N is the number of pairs correlated 

X, y, are the field strength values of transmitters 

Xand Y 
a^,a^, are the standard deviations of the field 
strength distributions. 

Table 1 shows the results obtained by this process, 
and it will be seen that the greatest correlation is attained 
by comparison of the two Crystal Palace transmissions. 
Figure 8 shows the correlation in terms of the difference in 
bearing between the sources compared. As expected, it can 
be seen that as the angle between the correlated sources 
narrows, the correlation coefficient increases. 

TABLE 1 



Transmitter X 



Transmitter Y Correlation p^ 



Guildford 
Guildford 
Guildford 

Guildford 



Crystal Palace (high) 
Crystal Palace (low) 
Reigate 
Oxford 



Crystal Palace (high) Crystal Palace (low) 

Crystal Palace (high) Reigate 

Crystal Palace (high) Oxford 

Crystal Palace (low) Reigate 

Crystal Palace (low) Oxford 

Reigate Oxford 
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The investigation into correlation in time (pj) between 
two signals has been proceeding in parallel with the main 
experiment, and results from another propagation measure- 
ment programme have been used for this. The principal 
objectives were to define the relationship between pj and 
the bearing between the sources correlated, and to establish 
the variation of Pj with the duration of observation. 
Measurements are still being assembled, and much remains 
to be done, but some early results so far obtained stjpport 
earlier qualitative assumptions concerning the two features. 

On present evidence, the correlation coefficient be- 
tween two signals decreases as the period of observation is 
reduced, as expected. Insufficient analysis has so far been 
carried out to propound the relationship, but an example 
is shown in Table 2. Measurements of signals from two 
French stations (le Havre and Caen) made at Christchurch 
on the south coast have been compared. The recording 
time was broken down into the intervals shown, and a 
correlation factor obtained for each. 

TABLE 2 



Period of Observation 


Corre 


lation Coefficient py 


60 minutes 




0-886 


30 minutes 




0-86 


10 minutes 




0-821 


2 minutes 




0-772 



Similar preliminary work shows that, as expected, 
there is greater chance of correlation in time between two 
signals if they traverse substantially the same transmission 
path, i.e.,p-|- increases as the angle between the two sources, 
measured at the receiving site, decreases (as in the case of 

Pl)- 



3. The predictions 

3.1. General 

The prediction work undertaken in connection with 
the Guildford experiment can be considered in two parts. 
Firstly, there is the comparison with the measurements of 
results obtained from existing prediction methods used by 
Research Department. Secondly, there is the examination 
of other methods. The second stage has included the 
application of various established techniques, and has now 
led to development work on a new approach. 

Existing prediction work within Research Department 
consists of two distinct methods which are used to assist 
with the planning of the u.h.f. service in the United 
Kingdom. Both have been designed for completion using a 
digital computer. The first predicts the service area of the 
station, this being undertaken by calculating the field 
strengths along a number of radials from the transmitting 
site.-^ This is a very detailed process, and requires data con- 
cerning terrain heights, buildings and trees. At present, the 
range of calculation is limited, and the programme is only 
used to predict some of the u.h.f. relay station service areas. 

The second programme predicts the c.c.i. levels in 
each service area. The output of this calculation allows 
suitable channels and transmitting sites to be selected for 
new stations, and indicates the effective radiated power 
(e.r.p.) which is permissible without causing intolerable 
interference elsewhere. This requires the assessment of 
many thousands of propagation paths, varying in lengths 
up to hundreds of kilometres. It has not been possible to 
include as much topographical data in this programme as in 
that which calculates the service areas, and for this reason 
the method relies upon a more statistical approach. It is 



important to note at this point that an essential part of the 
planning work consistsof the comparison of results obtained 
from the two programmes, i.e., in any area the level of the 
wanted service is checked to ensure that it exceeds the c.c.i. 
level by the appropriate margin. If the service area is 
measured rather than predicted, then the measurements are 
compared with the c.c.i. predictions. This feature of the 
process will be discussed later in the report. 

It was realised that the examination of predictions 
connected with the Guildford experiment could involve 
many thousands of propagation paths. To eliminate the 
need to prepare each of these, and, at the same time to 
provide other terrain data which might be of interest, data 
evaluating the terrain heights within a 25-mile (40 km) circle 
centred on Guildford were stored in the computer. The 
digital terrain coder was used to prepare these data, and 
because programmes already existed to deal with output 
from this equipment, it was decided to base the height data 
on a grid having the density prescribed by these pro- 
grammes, viz., 0-1 mile (0-16 km). 
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The area was divided into 0-1 mile strips from west to 
east, and the contour information along each of these lines 
was read off on the coder. The output was processed to 
produce height information at horizontal intervals of 0-1 
mile, and these values were then stored. To establish the 
accuracy of the process, a comparison was made between 
calculated heights and values read directly from the maps. 
The result of this is shown in Figure 9. A subsequent 
investigation into the causes of the larger errors illustrated 
the difficulties of extracting height data from Ordnance 
Survey maps with complete accuracy. In this context, a 
visit to the Ordnance Survey headquarters provided some 
interesting information concerning map accuracy, and a 
note summarising the results of this visit forms Appendix 2. 

A three-dimensional model of the terrain store was 
prepared from the computer print-out, and a photograph 
of this is shown in Figure 10.* Although the mass of the 
terrain storage was contained within the circle, data were 
also obtained for corridors leading to transmitting stations 
included in the experiment which were outside the circum- 
ference, so that full information was available for all the 
propagation paths involved. 



F/g. 9 - Histogram of differences be- 
tween heigtits calculated from stored 
grid and values read from map 
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Fig. 10- Model of terrain grid constructed from computer print out Density of stored height data = 0- 1 mile (0-16 km) 

* This model was constructed by I. Rhodes and Miss F.J.C. Gravatt. 
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3.2. Results of predictions using existing BBC methods 

3.2.1. The service area prediction method 

As mentioned above, the range of the service area 
prediction method is limited, therefore in the Guildford 
experiment it was only used to calculate the field strengths 
of the Guildford station. The result of comparing the 
predictions with the measurements for the 200 receiving 
sites is shown in Figure 11. The distribution is sl<ew, and 
at first sight was somewhat disappointing, because it has a 
standard deviation of about 6-5 dB. The prediction over- 
stated the field strength by 10 dB or more at 25 of the 
points, of which 24 are to the east of the transmitting site 
in parts of Guildford where the houses are well separated 
and where there is a large number of trees. Only one of 
the over-estimated results is in the north of the city, where 
the housing is denser and where there are fewer trees. The 
presence of trees is sometimes indicated on the Ordnance 
Survey maps, although aerial photographs were found to be 
more useful for this detailed study. Although we cannot 
yet be sure that failure to identify the presence of trees is 
responsible for the important errors in this Guildford pre- 
diction, it is a point which is receiving further attention. It 
is worthy of note that in the northern part of the town the 
method resulted in a measured/predicted distribution having 
a standard deviation of about 4 dB, which compares 
favourably with the result obtained for measurements 
repeated within 20 yards (18 m). 

3.2.2. The c.c.i. calculation method 

The c.c.i. calculation was used to predict the field 
strengths of all five transmissions at the 200 receiving loca- 
tions in Guildford. The results of comparison with 
measurements are shown in Figure 12, and it will be seen 
that with the exception of Crystal Palace (high aerial) and 
Guildford, the results produce distributions with median 
values above zero decibels, i.e., the tendency is to over- 
estimate the field strength. Subsequent work has shown 
that much of Guildford is within line of sight of the high 
aerial at Crystal Palace, so that the use of the 'clutter loss' 
factor included in this particular prediction method results 
in the application of too much attenuation. The result for 
the Guildford station itself is inconclusive, because this type 
of short-path calculation is outside the scope of the present 
c.c.i. prediction. 

Inspection of the results for the other three stations 
showed that whereas the predicted values gave good agree- 
ment with measured results for higher receiving sites, 
calculations for locations in the valleys were not of the 
same accuracy. This fact, combined with the conclusion 
concerning the Crystal Palace (high aerial) results, indicate 
that the c.c.i. method is dealing adequately with 'median' 
locations, but is incapable of coping with open sites or 
those which are very shielded. The former may be 
attributed, as mentioned above, to unwarranted application 
of the clutter loss; the latter to the limitation imposed on 
the terrain clearance attenuation curve. This limit (amount- 
ing to a maximum loss of 26 dB) was originally adopted 
because it was felt that it would be unwise to count upon 
too much attenuation behind an obstacle. A signal from 
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an unwanted source could be reflected from a surface 
behind the receiving site and this could cause interference. 

3.3. Other prediction methods 

The examination of other prediction methods has 
passed through three stages. Firstly (and this applied 
solely to the c.c.i. prediction method) there was an attempt 
to improve the technique whilst still retaining the basic 
approach. Secondly, other established techniques de- 
veloped elsewhere were examined. Finally a development 
stage was reached, in which the results of the whole work 
have been and are being used to examine the possible 
development of a new method. These three stages are now 
described. 

In order to remedy the weaknesses of the c.c.i. 
method the use of an additional local correction was 
investigated. It was thought that such a factor, in defining 
local variations, could also replace the present 'urban loss', 
a constant used to account for the shadow loss introduced 
by buildings in the vicipity of the receiving site. An 
additional local correction factor was derived, and did 
produce a worthwhile improvement, but it did little to 
overcome the problem illustrated by the Crystal Palace 
(high aerial) result. Because this station was beyond the 
range of 10 miles (16 km) — the distance within which 
terrain information is used to apply corrections in the c.c.i. 
method — the fact that the transmitting aerial was within 
line of site was not taken into account. It was clear that 
worthwhile improvement in the basic c.c.i. method could 
only be realised by providing much more information about 
the propagation path. Having once reached this conclusion, 
it was pertinent to consider if, given full terrain data, some 
other method might not be more accurate. 
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Fig. 12 - Histogram of differences between measured field strengtfjs and tfiose calculated using the c.c.i. prediction method 



Some consideration was then given to established 
methods of prediction used elsewhere, notably those pro- 
posed by Epstein and Peterson, by Longley and Rice, and 
by the Ministry of Postal Services, Tokyo, Japan. None 
of these proved to be immediately suitable for our purpose, 
in that their accuracy did not seem to be significantly better 
than domestic methods currently used. However, it was 
considered that the latter, which was a modification of the 
Epstein-Peterson approach, was sufficiently promising to 
justify further investigation with the objective of develop- 
ing it to meet our requirements. This final stage of the 
examination is now io progress. 

It is likely that the calculation will be in two parts. 
Firstly there will be the calculation of what may be termed 
the 'macroscopic' field strength. This would deal with the 
main features of the overall propagation path, and would 
produce a field strength which would be the modal value 
within a limited area, the size of the latter being dictated 
by the parameters used in the calculation. Secondly, the 
calculation would deal with the 'microscopic' field strength. 



which would be determined by influences in the immediate 
locality of the receiving site. The macroscopic part 
requires the calculation of multiple diffraction losses, and 
the profiles examined during the Guildford experiment have 
severely tested the various prediction methods. The 
Fresnel solution is adequate for one knife edge, but this 
can produce considerable errors if the obstacle has a smooth, 
rounded crest. Extension of the rigorous wave theory to 
deal with multiple edges is likely to give a complex general 
solution. Millington^ has given the result for two edges, 
and has suggested that the Epstein-Peterson approximation 
should be used for paths with a greater number of diffrac- 
tions. Hacking^' ' has pointed out that the Japanese 
method results in a close agreement with the rigorous 
solution, and can be derived using Keller's geometrical 
theory of diffraction. However, it employs the asymptotic 
approximation for Fresnel loss, thus its accuracy is limited 
to those diffraction calculations where v>1, v being the 
Fresnel limit parameter. Means of dealing with values 
of v<1 are being devised and promising results are now 
being obtained. 
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So far the study has been concentrated upon the 
direct ray between terminal aerials; it has been concluded 
that inclusion in the calculation of both direct and reflected 
rays would only improve the answer in a small percentage 
of the total predicted. In order to achieve this marginal 
benefit it would be necessary to increase the quantity of 
stored data and to complicate the calculation very con- 
siderably. In this context, however, it must be remembered 
that the concentration is upon u.h.f. prediction, and any 
conclusion regarding the importance of reflection must be 
confined to these higher frequencies. 

Present progress suggests a more accurate prediction 
system can be devised, but it will require extensive terrain 
data. Additionally, information concerning large trees 
may also be necessary, but fortunately it would seem that 
adequate data can be obtained from existing maps. To 
help the microscopic stage of the calculation, building data 
may be needed, and this presents difficulties. It may be 
possible to obtain some indication of the influence of 
buildings from a population count which it is hoped to 
include in the data storage, and this is being examined. 



4. Other factors 

4.1. General 

The Guildford experiment was primarily directed 
towards investigation of the three items identified in the 
Introduction to this report. Two of these concern the 
application of prediction methods in current planning work, 
and this report has so far concentrated upon this aspect. 
Other features of transmitter network planning have neces- 
sarily been involved, and because they affect the choice of 
measurement or prediction, they are discussed here. The 
third objective was concerned with the correlation between 
field strengths measured from different sources, a study 
which concerns the multiple interference part of the c.c.i. 
calculation, and the significance of the Guildford results in 
this respect is considered. 

4.2. Methods of service assessment 

Basically, the planning of a network of transmitting 
stations consists of ensuring that the required service areas 
are achieved without causing interference elsewhere. In 
the absence of c.c.i., the minimum field strength required is 
established by factors such as receiver noise level, aerial 
gain and feeder loss, and may be regarded as constant 
throughout the service area. Where the c.c.i. results are in 
excess of this level, they dictate the minimum field strength 
requirements. Their accurate assessment is therefore 

important because they influence almost every factor in- 
volved in this stage of the planning — transmitting site, 
e.r.p., aerial characteristics and height, polarisation and 
choice of frequency. At present, the assessments of wanted 
service and c.c.i. levels for each station are carried out 
separately, and the two results compared, but for some 
time it has been realised that there is one important flaw in 
this process. This concerns the unbalance between infor- 
mation describing the service area and calculations which 
estimate the interference levels, and evidence from the 



Guildford results suggests this discrepancy can be quite 
serious. Measurements or predictions of the service area 
are usually completed in considerable detail, and these 
show the extent of field strength variation throughout the 
service area. They may outnumber the c.c.i. calculations 
by more than 100 : 1, because, as already explained, the 
interference predictions must be limited in number. Thus 
the relationship between the level of the wanted signal and 
that of the interference becomes largely a matter of con- 
jecture and individual expertise on the part of the planning 
engineer. Existing results from the c.c.i. work show that 
well over one-third of the receiving sites used in the planning 
calculations to the present time have c.c.i. values in excess 
of the theoretical noise levels which apply to the u.h.f. 
bands (62 dB/i for Band IV and 67 dBM for Band V). 
These results have been obtained for a planned network 
which, as yet, contains less than one-half of the final 
number of stations, so it is likely that the proportion of 
sites which could be affected by c.c.i. will increase sub- 
stantially. There is, therefore, a real need to increase the 
density of the c.c.i. investigation. 

Of course, the situation outlined above is not new. 
We were equally uncertain about the v.h.f. television net- 
work, but the risk is far greater with the u.h.f. service, 
simply because there may be something like five or six times 
the number of stations, and less than 1-5 times the number 
of frequency channels per programme. 

The work on variation of field strength with receiving 
location has emphasised the need not only to increase the 
number of c.c.i. calculations, but also to improve the way 
in which they are compared with the levels of the wanted 
service. This can be achieved by calculating the latter as 
part of the c.c.i. assessment, so that direct comparison is 
possible. Where measurements of the wanted service are 
still considered necessary, comparison of these with the 
predictions will provide an indication of local accuracy. 

A considerable part of the Guildford experiment has 
been devoted to the question of accuracy, both of predic- 
tion and of measurement. The basic error of measurement 
was given limits of ±5 dB, but mention was also made of a 
further error which could be introduced at the stage when 
measurements (or predictions) were being used to produce 
a field strength map. Such a map is a popular way of show- 
ing the coverage of a station, although it is often an over- 
simplification. However, such maps are required, and it is 
appropriate to consider the errors introduced during their 
preparation. 

Currently, the method of measurement employed by 
the BBC is designed to reproduce, with high accuracy, the 
position of the limiting field strength contour for each trans- 
mitting station. The method is a compromise between the 
technique known as 'chase the contour' and the other 
extreme which has been called 'blanket survey'. In the 
former, measurements are made with the objective of 
locating a particular field strength contour, and as a result 
the contour can be positioned precisely. This method has 
the obvious disadvantage that information is limited, and 
the influence of any large change of e.r.p. might be difficult 
to define. Conversely, 'blanket' measurements provide 
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overall information, but the positioning of a particular 
contour could be subject to error. In current BBC work, 
measurements are made in considerable density along the 
contour, but are also made at lower density elsewhere. 
As a result, errors in the map production are kept to a 
minimum. In this respect, evidence of the extent of this 
error (which may be referred to as 'technique error') has 
been obtained from the 1957 and 1969 field strength 
surveys made in Guildford of the Crystal Palace trans- 
missions. Transmission conditions were nearly identical, 
except that the frequency of the 1957 transmitter was 
about 80 MHz higher. Firstly, a survey map was drawn, 
based on the blanket measurements made in 1969, the 
field strength contours being inserted at intervals of 10 dB. 
The 1957 results were then superimposed on this map, and 
it was found that only 1 10 of the 200 points fitted into the 
appropriate field strength intervals produced on the evidence 
of the 1969 survey. This is a disappointing result, but 
indicates the extent of the technique error which can occur 
if measurements are not concentrated in the vicinity of the 
contour. However, it was mentioned above that the 
ordinary field strength contour map probably oversimplifies 
the information concerning coverage in order to present the 
basic data clearly. A likely outcome of a new prediction 
method which would produce comparisons of the wanted 
signal and the interference would be some different way of 
illustrating the coverage. Several alternatives have already 
been postulated and will be examined. 

4.3. Multiple interference 

The third objective of the Guildford experiment 
concerned the correlation between signals, and was directed 
towards improving the present method used for calculating 
multiple interference levels. At present this method, 
which is used to complete the calculation of c.c.i., employs 
the multiplication of probabilities of interference. It has 
received much criticism in the past, but so far a better 
technique has not been put forward. In outline, the 
variables of each signal, time and location, are combined to 
form one distribution expressing variation in terms of a 
single parameter known as 'time-location'. The multiplica- 
tion process consists of the combination of these individual 
distributions, each representing one interfering signal, to 
form a single distribution, still in the time-location frame. 
The final stage, and the one which attracts most argument, 
involves the separation of this distribution into its compo- 
nent parts, time and location. This permits the result to be 
quoted as x% locations protected against c.c.i. for y% of the 
time. 

Apart from the objection which may be directed 
towards the final stage, the Guildford experiment has con- 
firmed earlier suspicions regarding the distribution of field 
strength values with respect to location. For the purposes 
of the calculation it is necessary to assume that the distri- 
bution observes a log-normal law, and measurements over a 
very limited area have confirmed that this is true, unless 
there is some local influence such as a building which 
attenuates the signal and hence introduces a degree of 
skewness. If, however, measurements made in the shadow 
of local obstacles are discounted, a log-normal distribution 
may result from measurements made over a considerable 



area, until receiving sites are reached which terminate sub- 
stantially different propagation paths to those previously 
measured. For example, a distant hill may cause marked 
attenuation, and measurements in this shadow will probably 
observe their own log-normal distribution, but several 
decibels below that measured at adjacent open sites. It 
will be realised that when transmissions from several sources 
are being measured, the likelihood of obtaining log-normal 
distributions for all of these within the same area is small. 
The size and shape of each area will be governed by the 
transmission source, and as a result of this it is impossible 
to assign geographical limits to the answer produced from 
the multiple interference calculation. In view of this, it 
would seem realistic to limit the process to deal only with 
variation in time. This does not mean that variation with 
location does not exist, but simply that the calculation is 
based upon median values in this domain, and greater 
detail is impracticable. Furthermore, if the density of 
investigation is increased by carrying out more c.c.i. calcula- 
tions, a more useful result is obtained. Of course, the 
elimination of one variable from the multiple interference 
stage would also allow simpler methods to be used, for 
example, power addition. 

Work on the correlation coefficients both in time and 
location which forms part of the Guildford experiment will 
be useful in improving the multiple interference calculation. 
Furthermore, it is likely that it will help to add meaning to 
the present definitions of interference. For example, the 
present c.c.i. calculations are directed towards achieving 
protection against interference for '95% of the time'. The 
real usefulness of this term is to tell the engineer which 
propagation curves should be used. In considering the 
correlation between signals, and the way in which this 
varies with the period of observation, it is possible that 
definitions could be made more precise. 

5. Discussion 

5.1. Adequacy of present prediction methods 

Dealing firstly with the examination of the service 
area calculation method used by Research Department, the 
Guildford experiment has added some evidence to that 
already gathered concerning the accuracy of the system. 
Whether or not the overestimation of field strength noted 
for one part of the city is due to a systematic error is not 
clear, but this' appears to be a weakness of the present 
system. Apart from this, the method appears to be 
capable of providing the type of outline information 
required to specify a u.h.f. relay station, and subject to the 
decision of the engineer undertaking the work (because he 
will be aware of any shortcomings of the method and the 
peculiarities of each station) can replace a site test. Of 
course, in common with any prediction method it cannot be 
used to check the operation of the eventual transmitting 
installation. To do this, site test measurements made 
before the station is constructed are checked against sub- 
sequent survey results, so that the performance of the trans- 
mitter and the aerial may be established. However, the 
need to carry out this sort of check is much less at relay 
stations than at main stations, because the equipment at the 
former tends to be standardised. 
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As far as the c.c.i. calculation is concerned, the 
present method is still not providing the accuracy which is 
needed if maximum economy in channels and expenditure 
is to be achieved. The quantity of results is currently 
limited, and it is generally necessary in practice to assume 
a pessimistic c.c.i. figure. This could mean that we are 
over-powering some of our u.h.f. transmitters, which means 
excessive expenditure and unnecessarily increases inter- 
ference eltewhere. Equally serious is the situation identi- 
fied by the Crystal Palace (high aerial) result, in which 
clutter loss is erroneously applied, and the c.c.i. is under- 
estimated. 

Improvements to the present c.c.i. method could 
probably be realised by devising empirical corrections which 
would evaluate local field strength variations. Also the 
density of results could be increased, although this would 
require a corresponding increase in the data required, and 
the present system is rather inflexible in this respect. In 
view of this and the need to achieve better correspondence 
between the assessments of wanted and unwanted signals, 
the introduction of a completely different prediction 
method which would replace both of the existing pro- 
grammes is thought to be the better solution. 

5.2. Future development 

As an outcome of the experiment it has been con- 
cluded that substantial improvements to the prediction 
work can be realised, provided adequate data concerning 
terrain and other influential features are available. In this 
connection it is noteworthy that a project is being spon- 
sored by the Joint Radio Committee of the Nationalised 
Power Industries,^ ^ to obtain and store height data for the 
majority of the United Kingdom, using a grid with intervals 
of 0-3 mile {0-5 km). At u.h.f. it is likely that in areas 
where predictions will be required the density of this grid 
will need to be increased, and it is believed that in such 
places the intervals will have to be halved, i.e., to 0-15 mile 
(0-25 km). This would provide a density of results higher 
than that used in the Guildford experiment, and is equal to 
the maximum density now used for measurement work. 

Because the calculation will cover both wanted and 
interfering signals, full terrain information is unlikely to be 
used for all the propagation paths involved. In any case, 
beyond the range of about 60 miles (100 km), vagaries of 
the troposphere cause a considerable degree of fading, and 
this cannot yet be predicted accurately. Thus, at this range 
(if not before), it will be necessary to return to a statistical 
method such as that now used for the c.c.i. calculations. 
However, present evidence suggests that it is more im- 
portant to achieve good accuracy for short-range paths in 
view of the risk of continuous interference that they 
involve. 

Over the past two or three years there has been con- 
siderable growth in the size of data storage facilities. This 
means that it is not only possible to consider the storage of 
terrain data, but also the inclusion of a population store. 
Whether or not this would be useful for the calculation is 
not yet clear, but it will offer the additional advantage of 
providing consistent population counts, an important part 



of u.h.f. planning. Means of obtaining a population grid at 
the same density as that used for the terrain store have been 
devised, and proposals for dealing with the 1966 Census 
data in this way have been formulated. The next Census, 
in 1971, will take two years to process, and the information 
will not be available until 1973. 

Of course, the future of the whole project depends 
upon the ability to produce an acceptable prediction 
method. Inevitably, the success of this must be judged on 
the comparison with measured results, although there are 
other advantages associated with the use of prediction. 
However, dealing firstly with the accuracy of prediction, it 
is useful to review the various comparisons which this 
report has produced. In each case the result has been 
measured by the standard deviation of the distribution 
produced by comparison with earlier measurement. 

In the case of measurement itself, it has been con- 
cluded that the highest accuracy that can be realised in 
practice produces a standard deviation of 2 dB. If a small 
latitude of movement is allowed, this increases to a figure 
of about 4-5 dB. For prediction, the current method used 
for service area assessment has, in this experiment, produced 
a value of about 6-5 dB, and it is also recorded that in a very 
detailed examination carried out two years ago with the 
object of improving the method the result was 7 dB.^^ 
When used for the calculation of median values (in location), 
the c.c.i. method also gives a standard deviation of 7 dB^, 
although when it is extended in an attempt to predict the 
detailed variations of field strength it becomes prone to 
considerably greater error, as shown in this report. In 
such circumstances a value of 10 dB can result. 

Currently it is believed that a method of prediction 
can now be devised which will give a standard deviation 
between 6 and 7 dB. Although this is not as good as the 
best results so far obtained for prediction, it will possess 
the enormous advantage of allowing a 1 : 1 comparison to 
be made between wanted and interfering signals. Its 
accuracy in assessing the field strength values will not be far 
short of present measurement methods, and it will be con- 
sistent. It is also likely that results can be obtained in far 
greater density than is currently possible. It is not, how- 
ever, possible to assess the cost of such a method until the 
system has been proved and computer running time has 
been estimated. However, because the method will pro- 
vide a more precise picture of the effect of c.c.i. on the 
developing u.h.f. service, requirements for transmitting 
stations can be more accurately defined, and this is likely 
to result in some economy. 

Figure 13 shows an example of the data which would 
be stored in the system now being planned. It also pro- 
vides an indication of the density of prediction which it is 
hoped to achieve if proposals prove feasible. 



6. Conciusions 

The Guildford experiment has confirmed the need to 
improve the means of predicting c.c.i. on the u.h.f. service. 




Basic terrain grid shown in green. Heights stored at 
ntercepts which occur at 0-5 i<m intervals. 
Popul")tion totals shown in bottom left-hand corner of 
/ each 5 km square. 

131 ' ■'■fh 



Example of area for prediction outlined in red. Green 
points show positions of additional height data at 0-25 km 
intervals. Prediction area shows 79 0-5 km and 237 
.0-25 km points, 

- - ^1 I 



^.-' u-zs Km points. , 



^ Mile 



TopojrApnica! pi^ft>nnatiDn baaed irpon ttte Oranoflce Survey naC oi tli 

the lanction tjf tJie ControMsr of H.K, StatiaMry Office. 

^Crt/tm. Cgpyrigiit reserved". 



Fig. 13 - Example of possible data storage 



1 "1 — I I 



1 Kilometre 



16 



It has also provided further evidence concerning other 
shortcomings in present methods. A new method of pre- 
diction is now being developed, and the opportunity is 
iseing taken of combining the calculations of wanted and 
interfering signals, a step which would allow direct com- 
parison between the two and one which could lead to a con- 
siderable simplification in output. 

The new techniques will certainly require more data 
than the present system, and information has been assem- 
bled concerning the acquisition of these. 

If the project is successful, and attains the targets 
which now seem realistic, the increase in accuracy in field 
strength prediction will be reflected in improved efficiency 
in planning work. It is hoped to complete the work in the 
near future. 
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APPENDIX II 



Visit to Ordnance Survey Headquarters, Southampton 



The objects of the visit w/ere firstly to discover what 
height information was available in digital form from the 
Ordnance Survey, and secondly to learn of their future 
plans. 

Height information used by the Ordnance Survey 
may be divided into four categories: 

(i) Bench marks 
(ii) Spot heights 
(iii) Trigonometrical points 
(iv) Contours 

Dealing with these separately — bench marks are given 
with extreme accuracy, a figure of 0-01 foot was quoted 
but there were reservations about this. They are confined 
to roads, and their density over the United Kingdom varies 
enormously. In Leicester (for example) there are about 80 
bench marks to the square kilometre, whereas in other 
places there is none or only one or two to the square kilo- 
metre. The height information and location (in National 
Grid co-ordinates) are tabulated and published at 10/- per 
sheet. Each sheet can accommodate up to 13 bench marks, 
and is published for a particular square kilometre, this 
being the basic unit of area. Where the information is 
scarce, there may be only one or two heights on a sheet, 
whilst in other cases several sheets are required to list the 
bench marks for one square. 

The bench mark data are being transferred onto mag- 
netic tape. At present, about 70,000 square kilometres 



have been checked and stored, and a further 60,000 has 
been stored but has not yet been checked. About 80,000 
squares are outstanding, and Northern Ireland will not be 
included in this storage. The process of conversion is slow, 
because it is the intention to check points by survey 
before storage. Like all other large-scale projects within 
the Ordnance Survey, they hope to finish by 1980. 

Spot heights also occur on roads only, but are less 
accurate than bench marks. They are the points of in- 
flection that are noted by the survey teams during their 
bench mark work. They are not published in useful form, 
except on the maps themselves. They are used by the 
survey teams for interpolation purposes in contour draw- 
ing. There was no indication of their total number. 

Trigonometrical points are used for levelling work. 
They occur at positions of good all-round visibility, e.g., 
hill-tops, and as in the case of bench marks, they are 
determined with considerable accuracy. They are not so 
numerous as bench marks, and apart from the fact that 
they are not limited to roads, add little overall information. 

Contour information is separated into two types; 
those drawn during the survey, and those added subse- 
quently. Obviously, those drawn during the survey are 
more accurate, because they are the results of expert 
analysis on the spot. Subsequent additions, such as the 
25 ft. and 75 ft. intervals added to the 1/25,000 series of 
maps, may be less accurate. The registration accuracy 
quoted for contours on Ordnance Survey maps is plus or 
minus one half of the contour interval. 
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